PCT 



m m m m ji^ 




(51) |S}R^<»rF^ffi6 

C09J 9/02, H21L 21/60 



Al 



(11) ffl«5^B8«* 



(43) B3i(^nB 



WO00y09623 



2000^2^ 24 0(24.02.00) 



(21) SBRttifi«-l^ 

(22) pqs^m#a 



PCT/JP98/03609 



1998^8-^13 0(13.08.98) 



C71) tiiflRA (i¥:mi:m<t^x<om^mizoi^x) 

(HrrA(M CHEMICAL CX)MPANY, LTD.)[JP/JP] 

f 163-0449 Jlt:fCie*f«KWffT3-T0l#li* Tokyo. (JP) 

(72) ifB§g# ; *5i:t; 

(75) ««#/ttlfiA (^m\C^^>X07^) 
«i20^)*^(WATANABE. It6uoXJ?/JP] 
f 30g-0842 3l^^lHT«Rrfj—;tCt^M 194-6 Ibar«ki» (JP) 
WRHfTAKEMURA. Ken2o)[JP/JP] 
T307-OOOI 3C£«»*a«Hii^i^8237-t Iba«ki,(JP) 

fi^CNAOAI. AJdrm)[JP/JP] 
T 305-0033 St^^lRo<rt:7tlfcft3-4-l 
0 Aft^taK^ ^^;^B306 IbarmH (JP) 
^.tgftitf(ISAKA, K«2uhiroXJP/JPJ 
atia f&(WATANABE, OMmu)[JP/JPl 
/J^ A«l A(KOJrMA. Kazuyo8hj)[JP/JP] 

T300-3261 mm^^<tfrtmm'\5AS Tb»raki,(JP) 



(74) ftmx 

fflfn^, ^(TOMITA, Kazuko ct i3.) 
t220-0004 #^JI|jMriRm?&*K:|l:*2T 19-10 
ttSHSir^l/7P6t Kanagawa. (IP) 

(81) »;feB AL, AM, AT. AU, A2, BA, BB, BC3, BR. BY. CA, 
CH. O^. CU, CZ, 0B. DK, EE. ES. R GB. GE. OH, GM, HU, ID, 
rL. IS. JP. KE, KG. KR, KZ. LC. LK, LR, LS. LT. LU, L V. MD, 
MG, MK, MN. MW, MX. NO, N2; PL» PT. RO, RU, SD, SE, SO, 
SI. SK. SU TJ. TM. TR, TT. UA, UG. US, U2. VN. YU, ZW, »^ 
«rffF (AT. BE. CH, CY. DE, DK, ES. FU PR, GB. GR, EB. IT. LU. 
MC. NL. FT, SB), OAPl^tT (BF, BJ, CP. CO, CI, CM. GA, ON, 
GW, ML, MR, NE. SN, TD, TO), ARIPOWT (GH, GM, KB, LS, 
MW. SD. SZ, UG. ZW), 9 i^rmm (AM, AZ. BY, KG, KZ. 
MD,RU,TJ.™) 



<54)Tltlc: ADHESIVK FOR BONDING CIRCUIT MEMBERS, CIRCUIT BOARD, AND METHOD OF PRODUCING THE 
SAME 






CIRCUIT MEW 



ADHESIVE FOR BONDING CIRCUIT MEMBERS, CIRCUIT BOARD, 
AND METHOD OF PRODUCING THE SAME 



Patent Number EP1 120449 
Publication date: 2001-08-01 
lnventor(s): NAGAI AKIRA (JP); ISAKA KAZUHIRO (JP); TAKEMURA KENZO (JP): 



^u- o<. ul D3iWATANABEJTSU0l(JP); WMANABE.OSAIWIU (dP); KOJIMA KAZUYOSHI (JP)r>i 
pplicant(s):^»Rp;6ft'SHEtie^^^^ ' -• 

P EP112P449 ' 



Requested 
Patent: 

Application 
Number 

Priority Number 
(s): 

IPC 

Classification: 
EC 

Classification: 
Equivalents: 

Cited 

Documents: 



EP1 9980937808 19980813 
WO1998JP03609 19980813 
C09J9/02 

HQ5K3/32P2, C09J9/02 . H01L21/gOP 
AU8648598. □ WO0009623 
KR98013552 



Abstract 



An adhesive for bonding and securing a semiconductor chip to a circuit board and electrically 
connecting the electrodes of the two, and containing an adhesive resin composition and an inorganic 
filler being contain ed in an amount of 10 to 200 parts by weight of 100 parts by weight of the adhesive 



resin composition. 
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TECHNICAL FIELD 



i [0001] This'lnventlon relates to an adhesive for bonding circult'members'whlCH Is used to bond and 

i fix a semiconductor chip to a substrate by. e.g., flip-chip mounting and also tq electrically ^ v... • 

^ ' interconnect electrodes of the both. It also relates to a circuit board having circuit members^bonded^J 1 

" to one another, and a process for producing the circuit board. • " 



BACKGROUND ART 



[0002] In the field of semiconductor mounting, flip-chip mounting by which IC (integrated circuits) are 
directly mounted on a printed substrate or a flexible wiring board attracts notice as a new mounting 
form adaptable to achievement of lower cost and higher precision. 

[0003] As methods for such flip-chip mounting, known are a method In which solder bumps are 
provided at terminals of a chip to effect soider bonding and a method in which electrical 
interconnection is made via a conductive adhesive. These methods have a problem that a stress due 
to a difference in coefficient of thermal expansion between the chip and the substrate that are to be 
bonded to each other may be generated to lower connection reliability when products are exposed to 
environment of various types. Accordingly, a method has come to be commonly studied in which an 
underfill material of an epoxy resin type is injected into a chip-/substrate gap in order to relax the 
stress at the bonding interface. 

[0004] There, however, is another problem that the step of injecting such an underfill makes a 
process complicate to bring about a disadvantage In view of productivity and cost. To solve such a 
problem, what recently attracts notice from the viewpoint of process simplicity is flip-chip mounting 
that makes use of an anisotropic conductive adhesive having both anisotropic conductivity and 
encapsulation function. 

[0005] However, where a chip is directly mounted on a substrate via the anisotropic conductive 
adhesive, the stress due to a difference in coefficient of thermal expansion between the chip and the 
substrate may be generated in a temperature cyq)e test. This brings about a problem that the 
adhesive may cause an increase in connection resistance or separation at adhesive layers when 
reliability tests such as a thermal shock test, a PCT (pressure cooker test) and a solder bath 
immersion test are made. Also, where projected electrodes are fomned at connecting tenmihals of a 
chip, there is a problem that the stress due to a difference in coefficient of thermal expansion 
between the chip and the substrate may concentrate at the interface between the projected 
electrodes and the chip in the reliability tests, making the projected electrodes separate from their 
interface with chip electrodes to cause faulty conduction. 



DISCLOSURE OF THE INVENTION 




[0006] The present invention provides an adhesive for bonding circuit members that does hardly 
cause any increase in connection resistance or separation at adhesive layers to bring about a great ^ 
improvement in connection reliability, and provides a circuit board having circuit members bonded to 
one another, and a process for producing the circuit board. 

[0007] A first adhesive for bonding circuit members according to the present invention is an adhesive 
for bonding circuit members which is to be put between circuit electrodes facing each other; the 
circuit electrodes facing each other being pressed interposing the adhesive between them, to 
interconnect the electrodes electrically in the direction of pressing; 

the adhesive comprising an adhesive resin composition and an Inorganic filler, the inorganic filler 
being contained in an amount of from 10 to 200 parts by weight based on 100 parts by weight of the 
adhesive resin composition. 



■ ; ' 



theiClijijh^ele^ 

Jnlejcpiin e'ecj Wle§,eleqtrica|ly:in,the idlrfiStIpo,;pf.prs§sIno>i^^ *ft>i<» ^^^fc 

the adhesive being in muiti-iayer constitution having a first adhesive layer .comprising an adhesive 
resin composition and an inorganic filler and containing the Inorganic filler In an amount of from 10 to 
200 parts by weight based on 100 parts by weight of the adhesive resin composition, and a second - 
adhesive layer containing an adhesive resln'composition as a main ingredient. , 

[0009] A third adhesive for bonding^circuit^Tigoibens^icoo^rt 

adhesive for bonding circuit members .which is to be put betweei^lrcult eledrbdes fa^^ 

the circurt^ elec^^^ IntKfRO^I^^^ ' 

interconnect the electrodes electrically in the direction of pressing; -"^r^ ^ a T v V „ ' . , 

the adhesive comprising an adhesive resin composition and an inorganic filler and having an 

average coefficient of thermal expansion of 200 ppnn/ DEG C or below at 110 to 130 DEG C after 

curing. It may preferably have an average coefficient of thermal expansion of from 30 to 200 ppm/ 

DEG C at 1 1 0 to 1 30 DEG C after curing. 

[0010] A fourth adhesive for bonding circuit members according to the present Invention is an 
adhesive for bonding circuit members which is to be put between circuit electrodes facing each other; 
the circuit electrodes facing each other being pressed interposing the adhesive between them, to 
interconnect the electrodes electrically in the direction of pressing; , . - 

the adhesive being in multi-layer constitution having a third adhesive layer and a fourth adhesive v 
layer which have physical properties different in value from each other. 

[001 1] The above adhesive may preferably have a modulus of elasticity after curing which is higher 
in the third adhesive layer than in the fourth adhesive layer, and the fourth adhesive layer has a 
modulus of elasticity of from 100 to 2,000 MPa at 40 DEG C after curing. 

[0012] The adhesive may also preferably have a coefficient of thermal expansion which is smaller in 
the third adhesive layer than in the fourth adhesive layer, and the third adhesive layer has a 
coefficient of thermal expansion at 30 to 100 DEG C, of from 20 to 70 ppm/ DEG C. 

[0013] The adhesive may preferably have a glass transition temperature that is higher in the third 
adhesive layer than in the fourth adhesive layer, and the third adhesive layer has a glass transition 
temperature of 120 DEG C or above. 

[0014] At least one layer of the third and fourth adhesive layers may contain the inorganic filler in an 
amount of from 10 to 200 parts by weight based on 100 parts by weight of the adhesive resin 
composition. 

[001 5] The adhesive may contain conductive particles in an amount of from 0.1 to 30 parts by 
volume based on 100 parts by volume of the adhesive resin composition. 

[0016] The adhesive may preferably have a modulus of elasticity of from 30 to 2,000 MPa at 40 DEG 
C after the curing of the adhesive resin composition.' 

[0017] The adhesive resin composition may contain an epoxy resin, an acrylic rubber and a latent 
curing agent. The acrylic rubber may preferably be an acrylic rubber containing a glycidyl ether group 
in its molecule. 



[0018] The adhesive may have the form of a film. 

[0019] The circuit board of the present invention comprises; 

a first circuit member having first connecting terminals; and 
a second circuit member having second connecting terminals; 

the first connecting terminal and the second connecting terminal being disposed facing each other, 
and ah adhesive being put between the first connecting terminal and the second connecting terminal 
which are disposed facing each other; and 

the first connecting terminal and the second connecting terminal. disposed facing each other being 

electrically Interconnected by pressing with heating; V. i --r ^ c . ^ . ... . .'A 

the adhesive being the adhesive for bonding circuit members according to the present invention. ' 





terminals is an organic insulating substrate having second connectlnb temninals.-lhe first^adhesfve** - 
layer or the third adhesive layer of the Sdh^Slveligvinb Wultl WrcVnMfb'n'st^ 
side of the fiftt eirtiliWmismb^r;* *v*«t*:^i^toii « 8rHVfuTr^pjttfwa&Tai<r*rmtfrf: ru Qt t^^tmm sr.? 

[0021] The adhesive for bonding circuit membere according'to'the present Invention Is an adhesive ^ 
for bonding circuit members which is to be put between circuit electrodes facing each other; the 
circuit electrodes facing each other being pressed interposing the adhesive between them, to 
interconnecl'the eltfdrodes^eledribllyMh ^he^airedidn^of pre^ 

the adh'eslve 'comjDrisihg an* adhesive resih^cbmpositlon and Vrf InSrBanlc fillen^he* lfioi^anl& 
being contained in an amount of from 10to 200 parts by weight 'based on tOOpafts bywelgfit'Sf the ' 
adhesive resin composition; or 
the adhesive being in multi-layer constitution having a first adhesive layer containing the inorganic 
filler in an amount of from 10 to 200 parts by weight based on 100 parts by weight of the adhesive 
resin composition and a second adhesive layer containing an adhesive resin composition as a major 
constituent. In such an adhesive for bonding circuit members according to the present invention, in 
which the inorganic filler is contained in ah amount of from 10 to 200 parts by weight based on ^100 
piarts^by weight'bf the^adheslve resiri 

a composition having a modulus of elasticity of from 30 to 2.000 MPa at 40 DEG C after curing. 
Here, the adhesive may have a modulus of elasticity at 40 DEG C of from 100 to 5,000 MPa, and 
preferably higher than 2,000 MPa and not higher than 3,500 MPa. 

[0022] An adhesive containing the adhesive resin composition having a modulus of elasticity of from 
30 to 2.000 MPa at 40 DEG C after curing and containing the inorganic filler to have a modulus of 
elasticity at 40 DEG C which is higher than 2.000 MPa can relax Its stress on account of the adhesive 
resin composition having a low modulus of elasticity and also can make its coefficient of thennal 
expansion small on account of the inorganic filler, making it possible to provide an adhesive for 
bonding circuit members which has a superior connection reliability. 

[0023] The second adhesive layer containing an adhesive resin composition as a main ingredient 
may preferably contain no inorganic filler. However, in order to control properties, it may contain the 
inorganic filler in an amount smaller than that in the first adhesive layer, e.g., less than 50% by 
weight, and preferably less than 20% by weight. 

[0024] The second adhesive layer containing an adhesive resin composition as a main ingredient 
may be an adhesive layer having a modulus of elasticity at 40 DEG C of from 100 to 2,000 MPa. 

! 

[0025] The adhesive having multi-layer constitution as used in the present invention may preferably 
be provided in accordance with the magnitude of the modulus of elasticity or coefficient of thennal 
expansion of circuit members to be bonded to each other. More specifically, the adhesive may 
preferably be so provided that the third adhesive layer side having relatively a higher modulus of 
elasticity or smaller coefficient of thermal expansion or higher glass transition temperature is applied 
on the side of a circuit member having relatively a higher modulus of elasticity or smaller coefficient 
of thermal expansion, and the fourth adhesive layer side having relatively a lower modulus of 
elasticity or larger coefficient of thennal expansion or lower glass transition temperature is applied on 
the side of a circuit member having relatively a lower modulus of elasticity or larger coefficient of 
thermal expansion. 

[0026] In the adhesive having multi-layer constitution as used in the present invention, when, e.g., a 
semiconductor chip and an organic insulating substrate are bonded to each other, the fourth adhesive 
layer, constituting the face on the side of the organic insulating substrate, may preferably have a 
modulus of elasticity of from 100 to 2,000 MPa at 40 DEG C after curing,, for the purpose of relieving 
the stress due to a difference in coefficient of thermal expansion between the chip and the organic 
insulating substrate. The third adhesive layer, constituting the face on the side of the semiconductor 
chip, may have a modulus of elasticity of from 500 to 5.000 MPa at 40 DEG C after curing, which is 
higher than that of the fourth adhesive layer. 

[0027] For the purpose of relieving the stress duejlo a difference in coefficient of thermal expansion 
between the chip and the organic insulating substrate, the third adrieslve layer constHutirig'the face ^ 
on the side of the semiconductor chip may preferably have a coefficient of themial expansion at 30 
to 100 DEG C of from 20 to 70 ppm/ DEG C. and the fourth adhesive layer constituting the face on 
the side of the organic insulating substrate may preferably have a coefficient of thennal expansion at 





between (Jpe chip and^trie^prganic Jnsulating sute^^ Jhiijliadheslve layeoconstituting^th^ifacen ^ 
on the side of the semiconductor chip may preferably have a glass transition temperature of 120^ 
DEG C or higher.and also 180 DEG C or lower, and the fourth adhesive layer constituting the face on 
the, side of the organic Insulating substrate may preferably have a glass transition temperature lower 
than that of the. third adhesive layer. : ..... - j,;. , 

[0029] At least one layerpfjlhe, third and fourth adhesive layer^ rpay^cpntain.the inorganic fillen^.^ t 

[0030] The coefficient of thermal expansion and glass transition temperature of an adhesive film ^ 
cured product corresponding to a stage after the adhesive has been applied may be measured with, 
e.g., a thermomechanical tester TM-7000 (tensile mode; load: 5 gf; heating rate: 5 DEG C/minute),' 
manufactured by Shinku-Riko Inc. Here, the adhesive film is cured under the same conditions as 
heating temperature and time in the step of bonding. The curing of the adhesive film may be effected 
by immersing it in an oil bath. Such an adhesive film cured product is a product in which 90% or 
more of heat of the total curing exotherm has been liberated in the measurement with a DSC 
(differential scanning calorimeter). 

[0031] As the adhesive resin composition used in the present invention, usable is a mixture of an 
epoxy resin with any of latent curing agents such as imidazole types, hydrazide types, boron ^ » 
trifluoride-amine complexes, sulfonium salts, amine-imides, polyamine salts and dicyandlamide. In 
order to relax the stress due to a difference in coefficient of thermal expansion between "circuit 
members, preferred is an adhesive resin composition having a modulus of elasticity of from 30 to 
2,000 MPa at 40 DEG C after curing. 

[0032] For example, as an adhesive resin composition that can achieve good fiow properties and 
high connection reliability at the time of bonding, preferred are those prepared by mixing an acrylic 
rubber in the mixture of an epoxy resin with any of latent curing agents such as imidazole types, 
hydrazide types, boron trifiuoride-amine complexes, sulfonium salts, amine-imides, polyamine salts 
and dicyandlamide, so mixing them as to provide the modulus of elasticity of from 30 to 2.000 MPa 
at 40 DEG C after curing. 



[0033] The modulus of elasticity of an adhesive resin composition cured product con-esponding to a 
stage after the adhesive resin composition has been applied may be measured by the DVE method 
using, e.g.. RHEOSPECTRA DVE-4 (tensile mode; frequency: 10 Hz; heating rate: 5 DEG C/minute; 
measured at -40 DEG C up to 250 DEG C), manufactured by Rheology Co.), Here, the adhesive 
resin compositiorj is cured under the same conditions as heating temperature and time In the step of 
bonding. The cunng of the adhesive resin composition film may be effected by immersing it in an oil 
bath. Such an adhesive resin composition film cured product is a product in which 90% or more of 
heat of the total curing exotherm has been liberated in the measurement with the DSC. 

[0034] The epoxy resin may include bisphenol type epoxy resins derived from epichlorohydrin and 
bisphenol A, F, AD or the like; epoxy novolak resins derived from epichlorohydrin and phenol 
novolak or cresol novolak; naphthalene type epoxy resins having a skeleton containing a 
naphthalene ring; and epoxy compounds having at least two glycidyl groups in the molecule, such as 
glycidyl amine, glycidyl ether, biphenyl and alicyclics; any of which may be used alone or in 
combination of two or more types. As these epoxy resins, in order to prevent electron migration it is 
preferable to use high-purity products in which impurity ions (such as Na and CI), hydrolyzable 
chlorine and so forth have been reduced to 300 ppm or less. 

[0035] The epoxy resin may preferably be a trifunctional or higher polyfunctiona! epoxy resin and/or a 
naphthalene type epoxy resin in order to ensure a low coefficient of thenmal expansion and a high 
glass transition temperature. The trifunctional or higher polyfunctiona! epoxy resin may include 
phenol novolak type epoxy resins, cresol novolak type epoxy resins, trishydroxyphenylmethane type 
epoxy resins, tetraphenylolethane type epoxy resins, and dicycloropentadiene phenol type epoxy 
resins. In addition, the naphthalene type epoxy resin has a structure containing at least one 
naphthalene ring in one molecule, and may include naphthol types and naphthalenediol types. 

[0036] The acrylic rubber may include polymers or copolymers having as a monomer component at 
least one of acrylic acid, acrylate, methacrylate and acrylonitrile. In particular, copolymer type acrylic 
rubbers contajning glycidyl acrylate or glycidyl methacrylate having a glycidyl ether group may 
preferably be used. 



...'.'"»■/•■ 
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. . . ^ .Mem 

hand It is In an amount nnore than 40% by weight; thbiigh a low modulus orelastlcity Is achle>/abYe7'^ 
the composition may have so high a melt viscosity at the time of bonding that the molten adhesive 
may be low removable at the interface to make it Impossible to ensure electrical conduction between 
electrodes interconnected or between electrodes Interconnected and conductive particles. 
Accordingly, the acrylic rubber may preferably bemlxed in an amount of from 15 to 40% by weight. . 
These acrylic rubbers mixed In'the Adhesive reslifxiompositlon have a peaVtemperiature at a^^^ 
to 60 DEG C. of dielectric dissipation factor due to the rubber component, and hence the adhesive 
composition can be made to' have a low mbdulusbf elasticity/'^ ^ ' ^''^^ ' --^^"^ 

(0038] The adhesive resin composition may preferably have a modulus of elasticity of from 30 to 
2,000 MPs at 40 DEG C after curing. The adhesive may have a modulus of elasticity of from 100 to 
5.000 MPa at 40 DEG C after curing, and may have one higher than 2,000. 

[0039] A thermoplastic resin such as a phenoxy resin may also be mixed In the adhesive in order to 
more improve film-forming properties. In particular, the phenoxy resin is preferred because it has 
characteristic features that, e.g., it is structurally similar to the epoxy resin and hence has good 
compatibility with, and adhesion to. the epoxy resin. To form film, an adhesive composition 
comprised of at least these epoxy resin, acrylic rubber, phenoxy resin and latent curing agent and 
conductive particles may be dissolved or dispersed in an organic solvent to prepare a liquid material, 
which may then be coated on the surface of a film-releasable substrate, followed by removal of the 
solvent at a temperature lower than'the curing-agent activation temperature. The solvent used here 
may preferably be a mixed solvent of an aromatic hydrocarbon type solvent and an oxygen- 
containing solvent in order to improve solubility of materials. 

[0040] The inorganic filler used in the present invention may Include, but not particulariy limited to. 
e.g., powders of fused silica, crystalline silica, calcium silicate, alumina, calcium carbonate and the 
lil<e. The inorganic filler may be mixed in an amount of from 10 to 200 parts by weight based on 100 
parts by weight of the adhesive resin composition. 

[0041] The more the filler is mixed, the more effective it is to ensure a low coefficient of thermal 
expansion. However, its mixing in a large quantity may cause faulty conduction because the 
adhesive may have a low adhesion or may be low removable at the bonding part. If it is mixed in a 
small quantity, any low coefficient of thermal expansion may be ensured. Accordingly, it may 
preferably be mixed in an amount of from 20 to 90 parts by weight. In addition, it may have an 
average particle diameter smaller than 3 mu m so that any faulty conduction at the bonding part can 
be prevented. In addition, for the purpose of preventing resin flowability from lowering and chip's 
passivation film from being damaged at the time of bonding, it is preferable to use a spherical filler. 

[0042] In the adhesive of the present invention, conductive particles may be mixed and dispersed for 
the purpose of intentionally providing anisotropic conductivity in order to assimilate any uneven 
height of chip bumps or substrate electrodes. In the present invention, the conductive particles may 
be particles of metals as exemplified by Au, Ag, Cu and solder, and may preferably be those ' 
comprising spherical core materials of polymers such as polystyrene provided thereon with 
conductive layers of Ni, Cu, Au. solder or the lil^e. In addition, surface layers of Su. Au, solder or the 
like may be formed on the surfaces of conductive particles. Such particles must have a particle 
diameter that is smaller than the minimum gap of substrate electrodes. Where the electrodes have 
uneven height, the particles may preferably have a particle diameter that is larger than the uneven 
height, and preferably from 1 to 10 mu m. In addition, the conductive particles may be dispersed in 
the adhesive in an amount of from 0.1 to 30 parts by volume, and preferably from 0.2 to 15 parts by 
volume, based on 100 parts by volume of the adhesive resin composition. 

[0043] The adhesive of the present invention may be used as a film adhesive. 

[0044] To obtain the film adhesive, an adhesive composition comprised of the epoxy resin, acrylic 
rubber, latent curing agent and so forth may be dissolved or dispersed in an organic solvent to 
prepare a liquid material, which may then be coated on the surface of a film-releasable substrate, 
followed by removal of the solvent at a temperature lower than the* curing-agent iactivatlon * ' 
temperature. , v • v 

[0045] A film adhesive having multi-layer constitution may be obtained by a method in which a first or 



surface wOepafatbr film ui» 

fluorine typejesin or the like apd thereafter the first or third film adhesive and the second ^brfourth% 
film adhesive are Jarpinated.b/ pressing,© siipultanepusly heatlnjg to .obta^ 

adhesive corpprtsed^of the flretjorahlrd^fiirri adheslve^and theVew^ 

method in which the first or third film adheslve'(or the second or fourth film adheslvej is forrned on' 
the surface of the separator film and further thereon the second or fourth film adhesive' (or the first or 
third film adhesive) is superposingly fomned by coating to obtain a film adhesive comprised of the 
first or third film adhesive and the second or fourth film adhesive. . , ... ■ ^ . ,^ . 

[0046] The film, Adhesive obtained^ by Jarnij]y^^ of Ihe^firg^pr, third Jiinj^^ad^ 
fourth film adhesive m'ay preferably be In aThickness of 'frorri'2b'tbW20 rnu^m'in total»the'fifst'or^ 
third film adhesive and the second or fourth film adhesive may individually preferably be in a 
thickness ratio in the range of first or third film adhesive : second or fourth film adhesive - 1:9 to 9:1. 
Especially when semiconductor chips are bonded to an organic insulating substrate, the ratio may 
preferably be in the range of first or third film adhesive : second or fourth film adhesive = 3:7 to 7:3. 

(0047] The film adhesive may preferably have a layer thickness larger than the gap between the first 
and the second circuit members, and should commonly have a layer thickness larger by at least 5 mu 
m than the gap. 

[0048] In the present invention, as the circuit members, usable are chip component parts such as 
semiconductor chips, resistor chips and capacitor chips, printed substrates, and flexible wiring boards 
comprised of polyimide or polyester as a base material. 

[0049] The chip component parts comprise a non-metallic inorganic insulating substrate such as 
silicon, glass, ceramic or compound semiconductor substrate and formed thereon a large number of 
connecting terminals. The printed substrates and the flexible wiring boards comprised of polyimide or 
polyester as a base material comprise an organic insulating substrate and fomned thereon a large 
number of connecting terminals. 

[0050] As a substrate on which the chip component parts are mounted, an organic insulating 
substrate having electrodes (connecting terminals) formed con-espondingly to semiconductor chip 
temninals may be used. 

[0051] As the organic insulating substrate, usable are a synthetic-resin film of polyimide resin, 
polyester resin or the like, and a laminated sheet obtained by impregnating a glass substrate such as 
glass cloth or glass nonwoven fabric with a resin such as polyimide resin, epoxy resin or phenol resin, 
followed by curing. | 

[0052] A multi-layer wiring board may be used which has electrodes to be connected to chip 
temninals, a surface insulating layer having these terminals fonned thereon, a given number of 
insulating layers, a given number of wiring layers provided between the respective insulating layers, 
and holes having been made conductive through which the electrodes and the wiring layers are 
electrically interconnected. 

[0053] Such a multi-layer wiring board may preferably be a built-up multi-layer substrate obtained by 
fomning insulating layers and conductive circuit layers altemately on the surface of a base material 
having an insulating layer formed using glass cloth or on the surface of a wiring substrate having at 
least one conductor circuit. 

[Q054] As the surface insulating layer, a resin film may be used. As this resin film, usable are films of 
epoxy resins, polyimide resins, polyamide-imide resins, modified polyphenylene ether resins, 
phenoxy resins, amide-epoxy resins or phenolic resins, or mixtures, copolymers or the like of any of 
these; and films of heat-resistant thermoplastic engineering plastics such as polysulfone. poiyether 
sulfone, poiyether ether ketone, totally aromatic liquid-crystal polyesters, and fluorine resins. Resin 
films in which an organic or inorganic filler is contained may be used. As insulating layers forrned of 
resins reinforced with a glass base material, prepregs may be used which are obtained by 
impregnating a glass substrate such as glass cloth or glass nonwoven fabric with a resin such as 
epoxy resin or phenol resin, followed by curing. 

[0055] The circuit members are provided with connecfing lenminals that are usually in a large hurhber 
(or may be single in some cases). At least one set of the circuit members is so disposed that at least 
some of the<onnecting terminals provided on these circuit members face each other, and the 
adhesive is put between the connecting terrninals disposed facing each other followed by pressing 
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[0056] 





- . - . , ^ ^ . r « reclihg'h* ff'iir 

terminals disposed facing each other ar%'^6Iedricallf1nteit6'n^ b9 direct contact of via the 
conductive particles of the anisotropic conductive adhesive' ' ^ " ^■ 

[0057] On electrode pads of the semiconductor chip or substrate, bumps formed by plating and tips 
of gold wires may be melted by means of a torch or the like to form gold balls, and these balls may 

be contact-bonded onto th*^ ^'--^ — ' — ^ ^ ... ^ 

otltairte3:t^util^(^' 

[0058] A process for producing the circuit board will be described taking the case of an instance in 
which a first circuit member comprised of an inorganic insulating substrate and a second circuit 
member comprised of an organic insulating substrate are bonded with a film adhesive. 

[0059] A first circuit member comprised of an inorganic insulating substrate, having a first connecting 
terminal, and a second circujt member comprised of an organic insulating substrate, having a second 
connecting tennlnal, are disposed In such a way that the'first connecting terminal and the second 
connecting terminal face each other, which are so disposed that the adhesive for bonding circuit 
members according to the present invention is put between the first connecting terminal and the 
second connecting temfiinal which have been disposed facing each other, in such a way that the first 
or third adhesive layer is on the side of the first circuit member, followed by pressing to electrically 
interconnect the first connecting terminal and the second connecting terminal disposed facing each 
other. Thus, the circuit board of the present invention can be produced. 

[0060] Stated specifically, for example, firstly the surface of a film, second or fourth adhesive layer Is 
brought into contact with the second circuit member to provisionally fix the film adhesive to the 
second circuit member. Subsequently, the electrodes of the first circuit member are registered on the 
electrodes of the second circuit member, where a load of 20 to 150 gf per electrode is applied from 
the part on the side of the first circuit member, during which heat is so applied for 10 to 20 seconds 
that the film adhesive is heated to 180 to 200 DEG C to cure the film adhesive. Thus, the electrodes 
of the first circuit member and the electrodes of the second circuit member are electrically 
interconnected and at the same time this state of connection between the first circuit member and the 
second circuit member is retained on account of the curing of the film adhesive. 

[0061] An example in which a semiconductor chip is bonded to a mounting substrate will be 
described with reference to Figs. 1 and 2. Fig. 1 shows an example in which a semiconductor chip is 
bonded to a mounting substrate by means of an adhesive not containing any conductive particles. 
Fig. 2 shows a bonded portion where a semiconductor chip is bonded to a mounting substrate by 
means of an adhesive containing conductive particles. 

[0062] An electronic component device shown in Fig. 1 is constituted of a mounting substrate 20 and 
a semiconductor chip 10 mounted thereon. Incidentally. Fig. 1 shows part of the electronic 
component device. Actually, other component parts such as other semiconductor chips are mounted 
on the mounting substrate 20. 

[0063] On the semiconductor chip 10, projected electrodes (bumps) serving as connecting electrodes 
11 are formed on its one face. The chip is electrically interconnected to the mounting substrate via 
the connecting electrodes 1 1 . 

[0064] The mounting substrate 20 has a plurality of insulating layers 21 and 22. a plurality of wiring 
layers 32 and 33 disposed via the insulating layers 21 and 22, connecting electrode terminals 31 for 
making connection with the connecting electrodes 11 of the semiconductor chip 10. and a conductor 
34 provided through the insulating layers 21 and 22 to electrically interconnect wiring layers specified 
among the wiring layers 32 and 33. In order to pass the conductor 34 through the insulating layers, 
the insulating layers 21 and 22 are provided, at their necessary spots, with holes 25 for serving as 
through-holes. More specifically, this mounting substrate constitutes a resin composite type multi- 
layer wiring board. Here, the wiring layers 32 are provided as an inner-layer circuit, and the wiring 
layers 33 are provided as an outer-layer circuit. The connecting electrode terminals 31 function as a 
conductor circuit on which the chip is to be mounted. 

[0065] Jhe^ojecte are cionnecti'ng eledroaes'll provtaed on the'^ 

semiconductor chip 10 arie registered on the conneding electrode tenmlnals 31 provided on the ' 
surface of the mounting substrate 20. A' film adhesive 40 for bonding has been disposed between the 
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side* 




. ^ ^ * semiconductor chip 10, whgreby tfieflclheslve'40 come to flow and 

then cure, so that the connecting electrodes 1 1 provided on the semiconductor chip 1 0 and the - 
connecting .electrod^e temnlnals31 provided on the surface of the tnouhting substrate^20 come Intb'^'^ 
direct mechanical contact to.ettain electrical Interconnectlon^ire^r smK-.^g i^tijiS r-oti^zu^avrror^: 

[0066] Where an adhesive 40 such as an anisotropic conductive adhesive having conductive 
particles 41 is used, as shown in Fig. 2 the connecting electrodes 1 1 are connected to the connecting 
electrode temninals 31 Jnihe state the conductive particles.41 are interposed between them, and nv - 
simultane9iis|y^^a4?dv8nj^ cas?t whejjthe.anlsotropic.conductlve.adheslve AO ls'^> 

used ancljn;tl3^state,whe^^^^^ each other to be bonded are brought into --i^ - 

pressure contact, the conduction between the electrodes facing each other is effected via the 
conductive particles interposed between them. In addition, between adjacent electrodes, the 
adhesive, though containing conductive particles, has the conductive particles in a low density and 
hence exhibits no conductivity. 

[0067] The mounting substrate 20 has at least one first insulating layer 21 formed of a resin 
reinforced with a glass base material, and a second insulating layer 22 which constitutes one layer at 
least on the side on which the electronic component parts are bonded and fixed, incidentally, in the 
example shovwi in Fig. ^1 , the second insulating layer 22 is also provided.on the side different from - ' 
the side on which the electronic component parts are bonded and fixed. 

[0068] According to the adhesive of the present invention, any stress at the interface between the 
semiconductor chip and the adhesive for bonding circuit members can be relaxed, and besides in 
the case when it has a modulus of elasticity of from 30 to 2,000 IVlPa at 40 DEG C as the adhesive 
resin composition, the stress generated in reliability tests such as the thermal shock test, PCT or 
solder bath immersion test can also be absorbed by the adhesive resin composition. Hence, the 
adhesive may cause neither increase in connection resistance at bonded portions nor separation at 
adhesive layers even after the reliability tests, bringing about a great improvement in connection 
reliability. The present invention makes it possible to provide a gradation of physical properties in the 
thickness direction of the adhesive for bonding circuit members, and hence the adhesive can absortD 
internal stress generated in the reliability tests such as the thermal shock test. PCT or solder bath 
immersion test. Thus, the adhesive may cause neither increase in connection resistance at bonded 
portions nor separation at adhesive layers even after the reliability tests, bringing about a great 
improvement in connection reliability. In addition, the film adhesive is convenient to handle. 

[0069] Accordingly, the adhesive of the present invention may preferably be used to make electrical 
connection between LCD (liquid-crystal display) panels and TAB (tape automated bonding) 
substrates, TAB substrates and flexible circuit substrates, LCD panels and IC chips, and IC chips 'and 
printed wiring substrates only in the direction of pressing at the time of bonding. 

[0070] The circuit board of the present invention can absorb the stress generated in the reliability 
tests, and may cause neither increase in connection resistance at bonded portions nor separation at 
adhesive layers even after the reliability tests, bringing about a great improvement in connection 
reliability. In addition, in the circuit board of the present invention, the film adhesive having a small 
coefficient of thermal expansion is used on the chip side and the stress generated at the interface 
between the chip and the adhesive can be relaxed. Thus, when the projected electrodes are provided 
on electrode pads of the chip, any separation of the projected electrodes from the electrode pads can 
be made greatly less occur. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0071] Fig. 1 is a cross-sectional illustration of an example of the construction of an electronic 
component device according to the present invention. 

[0072] Fig. 2 is a cross-sectional illustration of an example of the state of connection between 
electronic component parts and a mounting substrate. 

BEST MODES FOR PRACTICING THE INVENTION 




[0073] 50 Q otphenoxy:reslrt "and "125 £( bf acryllc-^mbfierfrSSark^^ 
copolymerization of butyl acrylate (40 parts);^elhyl acrylate (30 parts)/iaci7lohltrileX30 paM^^ 
glycidyl methacrylate (3 parts) were dissolved in 400 g of ethyl acetate to obtain a 30% solution. 

10074] Next, 325 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, where fused silica (average particle ' 




[0075] This film coating fluid was coated on a separator (silicone-treated polyethylene terephlhalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film a of 45 mu m thick. This adhesive film a had a modulus of elasticity at 40 
DEG C of 800 MPa after curing as measured with a dynamic viscoelasticity measuring instrument on 
only an adhesive resin composition from which the fused silica and nickel particles were removed.* 

[0076] Next, using the adhesive film a thus obtained,, a chip (10 mm x 10 mm; thickness:' 0.5 mm) 
with gold bumps (area: 80 mu m x 80 mu m each; space: 30 mu m; height: 15 mu nn;''the number of 
bumps: 288) was bonded to a Ni/Au-plated Cu circuit printed substrate in the manner as shown 
below. 

[0077] First, the adhesive film a (12 mm x 12 mm) was stuck to the Ni/Au-plated Cu circuit printed 
substrate (electrode height: 20 mu m; thickness: 0.8 mm) at 80 DEG C and 10 kgf/cm. Thereafter, 
the separator was peeled, and the bumps of the chip were registered on the Ni/Au-plated Cu circuit 
printed substrate (thickness: 0.8 mm). Then, heat and pressure were applied from above the chip 
under conditions of 180 DEG C, 30 g/bump and 20 seconds to effect main bonding. 

[0078] Connection resistance after the main bonding was 6 m OMEGA at maximum per bump and 2 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did not 
change even after 1 ,000-cycie treatment in a thermal shock test made at -55 to 125 DEG C. after a 
PCT (121 DEG C, 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
immersion for 10 seconds, showing good connection reliability. 



Example 2 

[0079] 50 g of phenoxy resin and 175 g of acrylic rubber (molecular weight: 850.000) obtained by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (30 parts), acrylonitrile (30 parts) and 
glycidyl methacrylate (3 parts) were dissolved in 525 g of ethyl acetate to obtain a 30% solution. 

[0080] Next, 275 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stining, where fused silica (average particle 
diameter 0.5 mu m) in an amount of 60 parts by weight based on 100 parts by weight of the 
adhesive resin composition and also 2% by volume of nickel particles (diameter 5 mu m) were 
dispersed to obtain a film coating fluid. 

[0081] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater. followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film b of 45 mu m thick. This adhesive film b had a modulus of elasticity at 40 
DEG C of 400 MPa after curing as measured with a dynamic viscoelasticity measuring instrument on 
only an adhesive resin composition from which the fused silica and nickel, particles were removed. 

[0082] Next, using the adhesive film b thus obtained, a chip (10 mm x 10 mm) with gold bumps 
(area: 80 rhu m x 80 mu m each; space: 30 mu m; height: 15 mu m; the number of bumps: 288) was 
bonded to a Ni/Au-plated Cu circuit printed substrate (electrode height: 20 mu m; thickness: 0.8 mm) 
in the manner as shown below. 



-''.ll^^^'i^Ji: [0083] First, the adhesive film b (12 mm x 12 mm) was stuck to the Ni/Au-plated Cu circuit printed 

^W^^ substrate at 80 DEG C and 1 0 kgf/cm. Thereafter, the separator was peeled, and the bumps of the 

rf^pfyW chip were registered on the Ni/Au-plated Cu circuit printed substrate. Then, heat and pressure were 

applied from above the chip under conditions of 170 DEG C, 30 g/bump and 20 seconds to effect 





[0084] Connection resistance after the main bonding was 18 m OMEG^ at maxinnum pet bump^end 8 

nri,QJ\i)EG^Not^tt(^^ 

changV^yeTT a^'er, i ,0pO:Cycle Ueatment^n ^ thelmmal sfiocR test nriacfeVat -5^ to 125 pEG^Cj^afle*r|a^, 
PCT (121 DEG Cl 2 atmospheric pressure) made for 200 hoiire. and after 260'DEC3 C'sblder bath 
immersion for 10 seconds, showing good connection reiiabiiity. . 



or *-! 



Example 3^, ^r^^^^^n ^^r-t ^..^ t^r^^^^ :-^^v u>in r>Q9 : an*- t rn. 

[0085] 50 g of phenoxy resin and 100 g of acrylic rubber (molecular weight: 850.000) obtained by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (30 parts), acrylonitrile (30 parts) and 
glycidyl methacryiate (3 parts) were dissolved in 350 g of ethyl acetate to obtain a 30% solution. 

[0086] Next, 350 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, where fused silica (average particle , 
diameter: 0.5 mu m) in an amount of 60 parts by weight based on 100 parts by weight of the 
adhesive resin composition and also 5% by volume of conductive particles obtained by forming Au 
layers on polystyrene cores (diameter: 5 mu m) were dispersed to obtain a film coating fluid. 



[0087] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film c of 45 mu m thick. This adhesive film c had a modulus of elasticity at 40 
DEG C of 1,000 MPa after curing as measured with a dynamic viscoelasticity measuring instrument 
on only an adhesive resin composition from which the fused silica and nickel particles were removed. 



[0088] Next, using the adhesive film c thus obtained, a chip (10 mm x 10 mm; thickness: 0.5 mm) 
with gold bumps (area: 80 mu m x 80 mu m each; space: 30 mu m; height: 15 mu m; the number of 
bumps: 288) was bonded to a Ni/Au-plated Cu circuit pnnted substrate (electrode height: 20 mu m; 
thickness: 0.8 mm) in the manner as shown below. 

[0089] First, the adhesive film c (12 mm x 12 mm) was stuck to the Ni/Au-plated Cu circuit printed 
substrate at 80 DEG C and 10 kgf/cm. Thereafter, the separator was peeled, and the bumps of the 
chip were registered on the Ni/Au-plated Cu circuit printed substrate. Then, heat and pressure were 
applied from above the chip under conditions of 170 DEG C, 30 g/bump and 20 seconds to effect 
main bonding. 

[0090] Connection resistance after the main bonding was 5 m OMEGA at maximum per bump and 
1.5 m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did 
not change even after 1 .000-cycle treatment in a thermal shock test made at -55 to 125 DEG C, after 
a PCT (121 DEG C. 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
immersion for 10 seconds, showing good connection reliability. 



Example 4 



[0091] 50 g of phenoxy resin and 100 g of acrylic rubber (molecular weight: 850,000) obtained by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (30 parts), acrylonitrile (30 parts) and 
gl/cidyi methacryiate (3 parts) were dissolved in 350 g of ethyl acetate to obtain a 30% solution. 

[0092] Next, 350 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, where fused isilica (average particle 
' * \ diameter: 0.5 mu m) in an amount of 40 parts by weight based on 1 00 parts by weight of the 

adhesive resin composition-and also 5% by volume of conductive particles obtained by forming Au 
. ; layers on polystyrene cores (diameter: 5 mu m) were dispersed to obtain a film coating fluid. 

[0093] This film coating ftuid was coated on a separator (silicone-treated polyethylene terephthalate 
y film; thickness: 40 mu m) by means of a roll coater. followed by drying at 1 00 DEG C for 10 minutes 

to fonn an adhesive film d of 45 mu m thick. This adhesive film d had a modulus of elasticity at 40 
DEG C of 1 ,opo MPa after curing as measured with a dynamic viscoelasticity measuring instrument 
'\Jt^}(^;'(^ on only, an adhesive resin corpposition from which the fused silica and ^nickel particles were rernoyed. 
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wHh^gold bumps (area; So rriU'm^x 50 mu rTi each^362 bumpsrsWacef^O'mu m;)ielgfit:^15lTiu;m)-^ 
was bori^edYo a glass substrate (thickness: 1.1 mmfwith an ITO (yltrlum tin oxide) circuit in the 
manner as shown below. 



'1:' 



[0095] First, the adhesive film c (12 mm x 12 mm) was stuck to the glass substrate with an ITO 
circuit at 80 DEG C and 10 kgf/cm. Thereafter, the separator was peeled, and the bunnps of the phip 
were registered on the glass substrate with an ITO circuit. Then; heat and pressure were applied from 
above the chjp under, conditions of 180 DEG C. 40 g/bunip and 20 seconds to effect main bonding. 

[0096] Connection resistance after the main bonding was 150 m OMEGA at maximunri per bump and 
80 m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did 
not change even after 1,000-cycle treatment in a thermal shock test made at -40 to 100 DEG C and 
after a PCT (105 DEG C. 1.2 atmospheric pressure) made for 100 hours, showing good connection 
reliability. ' ' / 



i V. A. 



Example 5 

[0097] 50 g of phenoxy resin and 125 g of acrylic rubber (molecular weight: 850.000) obtained by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (30 parts), acrylonitrile (30 parts) and 
glycidyl methacrylate (3 parts) were dissolved in 400 g of ethyl acetate to obtain a 30% solution. 

[0098] Next, 325 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, where fused silica (average particle 
diameter: 0.5 mu m) in an amount of 60 parts by weight based on 100 parts by weight of the 
adhesive resin composition and also 2% by volume of nickel particles (diameter: 5 mu m) were 
dispersed to obtain a film coating fluid. 

[0099] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film e of 45 mu m thick. This adhesive film e had a modulus of elasticity at 40 
DEG C of 800 MPa after curing as measured with a dynamic viscoelasticity measuring instrument on 
only an adhesive resin composition from which the fused silica and nickel particles were removed. 

[0100] Next, using the ac|hesive film e thus obtained, a bumpless chip (10 mm x 10 mm; thickness: 
0.5 mm; pad electrode: Al; pad diameter: 120 mu m) was bonded to a Ni/Au-plated Cu circuit printed 
substrate on the circuit of which Ni/Au-plated Cu bumps (diameter. 100 mu m; space: 50 mu m; 
height: 15 mu m; the number of bumps: 200) were formed, which was bonded in the manner as 
shown below. 

[0101] First, the adhesive film e (12 mm x 12 mm) was stuck to the Ni/Au-plated Cu circuit printed 
substrate (electrode height: 20 mu m; thickness: 0.8 mm) at 80 DEG C and 10 kgf/cm. Thereafter, 
the separator was peeled, and the Al pads of the chip were registered on the Ni/Au-plated Cu circuit 
printed substrate (thickness: 0.8 mm) with Ni/Au-plated Cu bumps. Then, heat and pressure were 
applied from above the chip under conditions of 180 DEG C. 30 g/bump and 20 seconds to effect 
^ : main bonding. 

' ' [O'l 02] Connection resistance after the main bonding was 8 m OMEGA at maximum per bump and 4 

m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did not 
change even after 1 ,000-cycIe treatment in a thermal shock test made at -55 to 125 DEG C. after a 
PCT (121 DEGC. 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
V , immersion for 10 seconds, showing good connection reliability. * * 

: Example 6 * . - " 

':Ai0. ■ ' ' ■ • • • • •» 

viSi^C' 1°'' 03] 50 g of phenoxy resin and 1 25 g of aciylic rubber (molecular weight: 850.000) .obtained by ' 

mH'M^] cdjjolymerlzation of butyl acrylate (40 parts), ethyl acrylate (30 'parts),-'acrylonrtrile (SO parts) and ' 
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glycidyl methacrylate (3 parts) were dissolved in 400 g of ethyl acetate to obtain a 30% solution. 



adhesive resin composition was dispersed to obtain a film coating fluid. 

[0105] this film coating fluid was coated on a separator (sllicone-treated. polyethylene terephthalate '. 
film; thickness: 40 mu m) by means of a roll coater, followed by drying af 100 DEG C for 10 minutes . 
to form a first adhesive layer, adhesive film f (thickness: 25 mu m). This adhesive film f had a . . ; . 
modulus oLe^^ t-^'-^tW'v 
viscoe|a$«cjty^(jj^^ resin composition, from which the fused. , 
silica was remove3?^v .^,^^^^ - ^ ^^^^ 

[0106] A second adhesive layer, adhesive film g (thickness: 25 mu m) was also formed in the same 
manner as the formation of the adhesive film g except that 2% by volume of nickel particles 
(diameter: 3 mu m) were dispersed In place of the dispersing of the fused silica. The resultant 
adhesive film g had a modulus of elasticity at 40 DEG C of 800 MPa. 

[0107] Next, the adhesive film f and adhesive film g thus obtained were laminated to obtain a 
composite film, laminated film adhesive h. 

[0108] Using this laminated film adhesive h, a chip (10 mm x +10 mm; thickness: 0.5 mm) with gold 
bumps (area: 80 mu m x 80 mu m each; space: 30 mu m; height: 15 mu m; the number of bumps: 
288) was bonded to a Ni/Au-plated Cu circuit printed substrate in the manner as shown below. 

[0109] First, the adhesive film g (second adhesive layer) of this laminated film adhesive h (12 mm x 
12 mm) was stuck to the Ni/Au-plated Cu circuit printed substrate (electrode height: 20 mu m; 
thickness: 0.8 mm) at 80 DEG C and 10 kgf/cm. Thereafter, the separator was peeled, and the chip 
was faced on the side of the adhesive film f (first adhesive layer), where the bumps of the chip were 
registered on the Ni/Au-plated Cu circuit printed substrate (thickness: 0.8 mm). Then, heat and 
pressure were applied from above the chip under conditions of 180 DEG C,. 50 g/bump and 20 
seconds to effect main bonding. 

(01 10] Connection resistance after the main bonding was 6 m OMEGA at maximum per bump and 2 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did not 
change even after 1 ,000-cycle treatment In a thermal shock test made at -55 to 125 DEG C, after a 
PCT (121 DEG C, 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
immersion for 10 seconds, showing good connection reliability. 



Example 7 



[0111] 50 g of phenoxy resin and 175 g of acrylic rubber (molecular weight: 850,000) obtained by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (30 parts), acrylonitrile (30 parts) and 
glycidyl methacrylate (3 parts) were dissolved in 525 g of ethyl acetate to obtain a 30% solution. 

[01 12] Next, 275 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, .where fused silica (average particle 
diameter: 1 mu m) in an amount of 60 parts by weight based on 100 parts by weight of the adhesive 
resin composition was dispersed to obtain a film coating fluid. 

[01^3] This film coating fluid was coated on a separator (sllicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film i (thickness: 20 mu m) corresponding to the first adhesive layer. This 
adhesive film i had a modulus of elasticity at 40 DEG C of 400 MPa after' curing as measured with a 
dynamic viscoelasticity measuring instrument on only an adhesive resin composrtion from which the 
fused silica was removed. 

[0114] An adhesive film j (thickness: 20 mu m) con'esponding to the second adhesive layer was also 
formed in the same manner as the formation of the adhesive film i except that 2% by volume of 
nickel particles (diameter: 5 mu nri) were dispersed in place of the dispersing of the fused silica. The 
resultant adhesive film i had a modulus of elasticity at 40 DEG C of 400 MFJa. r' . . 

[0115] Next, t1ie adhesive film I and adhesive film ftfiJs oWaine^ wefefamlnated*to1o^^^^ 





m 




[0116] First, the adhesive fiim j (second adhesive layer) of this iaminated film adhesive k (12 mm x 
1 2 mm) was stuck to the NI/Au-plated Cu circuit printed substrate (electrode height: 20 mu m; 
thickness: 0.8 nnm) at 80 DEG C and 10 kgf/cm. Thereafter, the separator was peeled, and the chip 
was faced on the side of the adhesive film r(first'adhesive layer), where, the bumps of the chip were^ 
registered o^filKS j^i/Au"-^ 

pressure were applied frorn abW the 'chip undisr conditions' oY'l 80 DEG'C. 'SOVblTrhp anV20 '^-^^-^^ 
seconds to effect main bonding. *^ - - ^ '^-^^^ '* ■ 

[0117] Connection resiistance after theliiain bonding was 18 m OMEGA at maximum^ per bump and 8 
m OMEGA on the average, and Insulation resistance was 10 OMEGA or above. These values did not 
change even after 1 .000-cycle treatment in a thermal shock test made at -55 to 125 DEG C, after a 
PCT (121 DEG C, 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
immersion for 10 seconds, showing good connection reliability. 



Example 8 



[01 1 8] 50 g of phenoxy resin and 1 00 g of acrylic rubber (molecular weight: 850,000) obtained' by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (30 parts), acrylonitrile (30 parts) and 
glycidyl methacrylate (3 parts) were dissolved in 350 g of ethyl acetate to obtain a 30% solution. 

[0119] Next, 350 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stimng, where fused silica (average particle 
diameter: 0.5 mu m) in an amount of 60 parts by weight based on 100 parts by weight of the 
adhesive resin composition was dispersed to obtain a film* coating fluid. 

[0120] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film m (thickness: 25 mu m) corresponding to the first adhesive layer. This 
adhesive film m had a modulus of elasticity at 40 DEG C of 1 ,000 MPa after curing as measured with 
a dynamic viscoelasticity measuring instrument on only an adhesive resin composition from which 
the fused silica was removed. 



[0121] An adhesive film n (thickness: 25 mu m) corres0onding to the second adhesive layer was also 
formed in the same manner as the formation of the adhesive film m except that 5% by volume of 
conductive particles obtained by forming Au layers on polystyrene cores (diameter: 5 mu m) were 
dispersed in place of the dispersing of the fused silica. The resultant adhesive film n had a modulus 
of elasticity at 40 DEG C of 1 ,000 MPa. 

[0122] Next, the adhesive film m and adhesive film n thus obtained were laminated to obtain a 
composite film, laminated film adhesive p. Using this laminated film adhesive p, a chip (10 mm x 10 
mm; thickness: 0.5 mm) with gold bumps (area: 80 mu m x 80 mu m each; space: 30 mu m; height: 
15 mu m; the number of bumps: 288) was bonded to a Ni/Au-plated Cu circuit printed substrate in the 
manner as shown below. 



[0123] First, the adhesive film n (second adhesive layer) of this laminated film adhesive p (12 mm x 
12 mm) was stuck to the Ni/Au-plated Cu circuit printed substrate (electrode height: 20 mu m; 
thickness: 0.8 mm) at 80 DEG C and 10 kgf/cm. Thereafter, the separator was peeled, and the chip 
was faced on the side of the adhesive film m (first adhesive layer), where the bumps of the chip were 
registered on the Ni/Au-plated Cu circuit printed substrate (thickness: 0.8 mm). Then, heat and 
pressure were applied from above the chip under conditions of 180 DEG C, 50 g/bump and 20 
seconds to effect main bonding. 

[0124] Connection resistance after the main bonding was 5 m OMEGA at maximum per bump and 
1.5 m OMEGA onjhe average, and insulation resistance was 10 OMEGA or above. These values did 
not change even after 1.000-cycle treatment tn a. thermal shock test made at -55 to 125 DEG C. after 
a PCT (121 DEG C. 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
immersion,fp&10seconds..showing good connection reliability. ^ 
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[01 251.50 j^ofphenpxy,xesio.andJl.2^g pf lacrylic rMbbe^(ngoJecular.v(eight^850,00p) obtained byr > a> 
copolymerization of butyi;acrylate (40 parts)? ethyl acrylate (36>arts). acrylonitrile (30 partsfana v , * 
glycidyl melhacrylate (3 parts) were dissolved In 400 g of ethyl acetate to obtain a 30% solution. 

[0126] Next. 325,g of liquid epoxy (epoxy equivalent, weight: 185) containing a nnlcrocapsular latent 
curing.agent was added to .this |plullon,:follpwedby^«lcring,,wherej^^^ (averagVpartlcle "^n, 

diameter: 0.5 mu nn) in an amount of 60 parts.by weight based on '100 parts t>y weight of the"' 1. 
adhe?ive r^sin corTipqsitlpn.was di§p#ed topbtaln;aMf0^n9flHld^^ bart woiii ^via-^ibe 

[0127] This film coating fluid was coated on a separator (sllicbne-treated polyethylene terephthalate 
film; thickness: 25 mu m) by means of a roil coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film q (thicl^ness: 25 mu m) corresponding to the first adhesive layer. This 
adhesive film q had a modulus of elasticity at 40 DEG C of 800 Mps after curing as measured with a 
dynamic viscoelasticity measuring instrument on only an adhesive resin composition from which the 
fused silica was removed. 

[0128] An adhesive film r (thicl^ness: 25 mu m) corresponding to the second adhesive layer was also 
formed in the same manner as the fomiation of the adhesive film q except that 2% by volume of 
nickel particles (diameter: 3 mu m) were dispersed in place of the dispersing of the fused silica. The 
resultant adhesive film r had a modulus of elasticity at 40 DEG C of 800 MPa. 

[0129] Next, the adhesive film q and adhesive film r thus obtained were laminated to obtain a 
composite film, laminated film adhesive s. 

[0130] Using this laminated film adhesive s, a bumpless chip (10 mm x 10 mm; thickness: 0.5 mm; 
pad electrode: Al; pad diameter: 120 mu m) was bonded to a Ni/Au-plated Cu circuit printed substrate 
on the circuit of which Ni/Au-plated Cu bumps (diameter: 100 mu m; space: 50 mu m; height: 15 mu 
m; the number of bumps: 200) were formed, which was bonded in the manner as shown below. 

[0131] First, the adhesive film r (second adhesive layer) of this laminated film adhesive s (12 mm x 
12 mm) was stuck at 80 DEG C and 10 kgf/cm, to the Ni/Au-plated Cu circuit printed substrate on 
which Ni/Au-plated Cu bumps (diameter: 100 mu m; space: 50 mu m; height: 15 mu m; the number 
of bumps: 200) were formed. Thereafter, the separator was peeled, and the chip was faced on the 
side of the adhesive film q (first adhesive layer), where the bumps of the chip were registered on the 
Ni/Au-plated Cu circuit printed substrate (thickness: 0.8 mm). Then, heat and pressure were applied 
from above the chip under conditions of 180 DEG C, 50 g/bump and 20 seconds to effect main 
bonding. 

[0132] Connection resistance after the main. bonding was 8 m OMEGA at maximum per bump and 4 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did not 
change even after 1 ,000-cycle treatment in a thermal shock test made at -55 to 125 DEG C, after a 
PCT (121 DEG C, 2 atmospheric pressure) made for 200 hours, and after 260 DEG C solder bath 
immersion for 10 seconds, showing good connection reliability. 



Example 10 




[0133] 195 g of phenoxy resin and 130 g of polyfunctional epoxy resin (epoxy equivalent weight: 212) 
were dissolved in 1 ,083 g of ethyl acetate to obtain a 30% solution. 

[0134] Next, 325 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, where 2% by volume of nickel particles 
(diameter: 5 mu m) was also dispersed to obtain a film coating fluid. , ^ \ . 

[0135] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C^forjJO minutes 
to forni an adhesive ^film t (thickness: 25 nriu rh) corres'ponding to.the thircJ abheslvelayer Thls,^ ;i 
adhesive film t had a coefficient of thermal expansion of '45 ppm at 30 to 100 DEG C after curing, a 
glass transltigp temperature of 150 DEG C and a'modulus of elasticity at 40 pEG ,C of^2.600^MPa.'; 

/Hf»^r.9irT==Pn^rY=pn^nR==FPn^PNP=FPn?n44Q*PN==FP1 120449&F^ 2003/2/21 





copolymerizatlon of butyl ecrylate (40 parts), ethyl acrylate (20 parts); acrylohltrlleXaO parfs)wa'"^ 
Qlycidyl methacrylate (3 parts) were also dissolved in 500 g of ethyl^aceUrte to oWain^^^^^jsolutlon.^ 

[01 37]' Nextf sfeo'gTf li^Sld'&p6ky ^(e^^ S^^coh^ 

curing^agent vias addeb \6 this solution.^ followed by sfirting * where 2% bf voliiriie of nfckel particles 
(diameter 5 mu m) was also clispersed to obtain a film coating fluid. * 

[0138] This 'film coating fluid was coated on a separator (siiicone-treated polyethylene terephthalate 
film; thickness:-40 mu nri) bylfneahs of a roll coater/foljowed by drylnjj ariOO'DEG'C^fdrM^O minutes 
to form an'^Bdhesive film li '(thickness^^^^ m)' corresponding to the'fourth'adhestve^layer.'Thls 
adhesive film u had axoefficient^of thermal (expansion of 70 plpmlat^o; to a 
glass transition temperature of 125 DEG C and a modulus of elasticity at 40 DEG C of 1.000 MPa. 

[0139] Next, the adhesive film t and adhesive film u thus obtained were laminated to obtain a 
composite film, laminated film adhesive v (thickness: 50 mu m). 

[0140] Th'en, using this laminated film adhesive v. a chip (size: 10 mm x 10 mm; thickness: 0.55 mm) 
with gold bumps (height: 30 mu m; the number of bumps: 184) was bonded to a Ni/Au-plated Cu 
circuit printed substrate (electrode height: 20 mu m; substrate thickness: 0.8 mm) in the manner as 
shown below. 

[0141] First, the adhesive film u (fourth adhesive layer) of this laminated film adhesive v (size: 12 
mm X 12 mm) was provisionally bonded to the Ni/Au-plated Cu circuit printed substrate with the 
adhesive film u's face set on the side of the printed substrate, under conditions of 60 DEG C and 0.5 
MPa. After the step of provisional bonding, the bumps of the chip were registered on the Ni/Au-plated 
Cu circuit printed substrate, and the chip was mounted on the laminated film adhesive v. 
Subsequently, heat and pressure were applied from above the chip under conditions of 180 DEG C, 
50 g/bump and 20 seconds to effect main bonding. 

[0142] Connection resistance after the main bonding was 10 m OMEGA at maximum per bump and 2 
m OMEGA on the average, and Insulation resistance was 10 OMEGA or above. These values did not 
change, during continuous (in situ) measurement of resistance in the course of a 1 ,000-cycle thermal 
shock test made at -55 to 125 DEG C and a PCT made for 500 hours at 110 DEG 0 and 85%RH, 
showing a good connection reliability. 



Example 11 

I 

[0143] 195 g of phenoxy resin and 130 g of polyfunctional epoxy resin (epoxy equivalent weight: 212) 
were dissolved in 1 ,083 g of ethyl acetate to obtain a 30% solution. 

[0144] Next. 325 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stirring, where fused silica (average particle 
diameter 0.5 mu m) in an amount of 20 parts by weight based on 100 parts by weight of the 
adhesive resin composition and also 2% by volume of nickel particles (diameter: 5 mu m) were 
dispersed to obtain a film coating fiuid. 

[0145] This film coating fluid was coated on a separator (siiicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater. followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film w (thickness: 25 mu m) con-esponding to the third adhesive layer, This 
adhesive film w had a coefficient of thermal expansion of 38 ppm at 30 to 100 DEG C after curing, a 
glass transition temperature of 153 DEG C and a modulus of elasticity at 40 DEG C of 3,000 MPa. 

[0146] 50 g of phenoxy resin and 100 g of acrylic mbber (molecular weight: 850,000) obtained by 
copolymerization of butyl acrylate (40 parts), ethyl acrylate (20 parts), acrylonitrile (30 parts) and 
glycidyl methacrylate (3 parts) were also dissolved in 500 g of ethyl acetate to obtain a 30% solution. 

: * • . . [0147] Next, 350 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 

curing agent was added to this solution, followed by stirring, where fused silica (average particle 
' v.^ui . diameter; 0.5 muTh) In ah amount of 20'*paVts by weight based on 100 parts by weight of the 

^^"^v': adhesive r~"' ^ ' nl^l^al r^oHi^loc Mlameipr ^ mil m^ weri 

dispersed 



aiameier; u.o mu m; in dn dniuum ui yotip uj nci^iu wo^w^ wn .ww ^^ww ..^.^^..^ 
adhesive resin compositi9n and ,alsoy2*}?) by yblume of nickel particles (diameter 5 mu m) were 
dispersed to obtain a flim' coating flilid. ' " * ^ ^ 



I 
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i [0148rTmsfy^ 

^10 fornri;an^adhesive.filrmx;(tr\^ rt3u^)jcoaespqncJlng feiJlLeJiuiJtv^gdd^^^ 

8dhesi>Ae.filmfxhad:a cbefflcl©^^^^^^^ 

glass transition temperatu^e^tOt 127 DEG Od^a mod4^^us j)fejasgclty^a^^^ 

[0149] Next, the adhesive film w and adhesive film x thus obtained were lanninated to obtain a 
composite film, laminated film adhesive y (thickness: 50 mu m). ^ ^ 



:I0150] Then.iusing this laminated film adhesive y.-a-chjp (size: lO^mnri^.Jp^m 
with gold bumps (height: 30 mu m; the number of bumps: ,184) was^bonded.tp a Ni/Au-plated^Cu,^,^ , 
circuit printed ^substrate (electrode height: 20rmu m; substratis- thickness:' 0.8 mm) in the nianner as^, 
shown below. » * - . , . * ; ; ^ . * . - , ■■ . 

[0151] The adhesive film x (fourth adhesive layer) of this laminated film adhesive y (size: 12 mm x 
12 mm) was provisionally bonded to the Ni/Au-plated Cu circuit printed substrate with the adhesive 
film x's face set on the side of the printed substrate, under conditions of 60 DEG C and 0.5 MPa. 
After the step of provisional bonding, the bumps of the chip were registered on the Ni/Au-plated Cu 

' ' Subsequently, 

and 



circuit printed substrate, and the chip was mounted on the laminated film adhesive y. Subsequer 
heat and pressure were applied from above the chip under conditions of 180 DEG C. 50 g/bump 
20 seconds to effect main bonding 



[0152] Connection resistance after the main bonding was 10 m OMEGA at maximum per bump and 2 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. These values did not 
change during continuous (in situ) measurement of resistance in the course of a 1,000-cycIe thermal 
shock test made at -55 to 125 DEG C and a PCT made for 500 hours at 110 DEG C and 85%RH. 
showing good connection reliability. 



Comparative Example 1 



[0153] Using the laminated film adhesive v obtained in Example 10, a chip (size: 10 mm x 10 mm; 
thickness: 0.55 mm) with gold bumps (height: 30 mu m; the number of bumps: 184) was bonded to a 
Ni/Au-plated Cu circuit printed substrate (electrode height: 20 mu m; substrate thickness: 0.8 mm) in 
the same manner as in Example 10 except that, in the present Comparative Example, the face of the 
adhesive film t (third adhesive layer) of the laminated film adhesive v (size: 12 mm x 12 mm) was 
set on the side of the printed substrate. 

[0154] Connection resistance after the main bonding was 10 m OMEGA at maximum per bump and 2 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. However, these 
values changed in the course of a 500-cycle thermal shock test made at -55 to 125 DEG C and a 
PCT made for 300 hours at 1 10 DEG C and 85%RH, resulting in faulty electrical conduction. 



Comparative Example 2 



[0155] 195 g of phenoxy resin and 130 g of polyfunctional epoxy resin (epoxy equivalent weight: 212) 
were dissolved in 1 ,083 g of ethyl acetate to obtain a 30% solution. 

[0,156] Next, 325 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stining, where 2% by volume of nickel particles 
(diameter: 5 mu m) was also dispersed to obtain a film coating fluid. 

[0157] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film z of 50 mu m thick. The adhesive film z had a coefficient of thermal 
expansion of 45 ppm at 30 to 100 DEG C after curing, a glass transition temperature of 150 DEG C 
and a modulus of elasticity at 40 DEG C of 2,600 MPa. 

[0158] Next, using only the adhesive film z thus obtained, a chip (size: 10 mm x 10 mm; thickness: 
0.55 mm) with gold bumps (height: 30 mu m; the number of bumps: 184) was bonded to a Ni/Au- 
plated Cu circuit printed substrate (electrode height: 20 mu m; substrate thickness: 0.8 mm) in the 
manner as shown below. 



?ro\j 



jbslrgie undej^conditiqns^ofjBO DEGp'and'O.S MPaf^After the;stept6fJprpvJslonal:bondInQ>}hea^ 

mounted 6n^the**adhe^slve^fllm z^Sub from above the chlpi 

under conditions of 180 DEG C. 50 g/bunnp and 20 seconds to effect main bonding. 

[0160] Connection resistance after the nnain bonding was 10 m OIVIEGA at maximum per bump and 3 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. However, these 
valuesxhariged'afler a 300-cycle thermal shock test made at -55 to.125pE(3^C"and aften260 DEG C 
solder bafh'imrnefsTon forlVSecbrTds/reVuttirir^ condudlbnMi5^aTresult;of cross- ,v 

sectional observation of the bbnded"'pbrtibns^sepatatiohQ)f thejadhesiveifllm at»ltS:interfacejwasaar:lQ . 
observed at some part where the faulty electrical conduction occurred. ' : - 



Comparative Example 3 



[0161] 50 g of phenoxy resin and 100 g of acrylic rubber (molecular weight: 850,000) obtained by 
copolymerization of butyl acrylate (40 parts); ethyl acrylate (20 parts), acrylonitrile (30 parts) and 
glycidyl methacrylate (3 parts) were also dissolved in 500 g of ethyl acetate to obtain a 30% solution. 

[0162] Next, 350 g of liquid epoxy (epoxy equivalent weight: 185) containing a microcapsular latent 
curing agent was added to this solution, followed by stimng, where 2% by volume of nickel particles 
(diameter: 5 mu m) was also dispersed to obtain a film coating fluid. 

[0163] This film coating fluid was coated on a separator (silicone-treated polyethylene terephthalate 
film; thickness: 40 mu m) by means of a roll coater, followed by drying at 100 DEG C for 10 minutes 
to form an adhesive film alpha of 25 mu m thick. This adhesive film alpha had a coefficient of 
thermal expansion of 60 ppm at 30 to 100 DEG C after curing, a glass transition temperature of 125 
DEG C and a modulus of elasticity at 40 DEG C of 1 ,000 MPa. 

[0164] Next, using only the adhesive film alpha thus obtained, a chip (size: 10 mm x 10 mm; 
thickness: 0.55 mm) with gold bumps (height: 30 mu m; the number of bumps: 184) was bonded to a 
Ni/Au-plated Cu circuit printed substrate (electrode height: 20 mu m; substrate thickness: 0.8 mm) in 
the manner as shown below. 

[0165] First, the adhesive film alpha was provisionally bonded to the Ni/Au-plated Cu circuit printed 
substrate under conditions of 60 DEG C and 0.5 MPa. After the step of provisional bonding, the 
bumps of the chip were registered on the NI/Au-plated Cu circuit printed substrate, and the chip was 
mounted on the adhesive film alpha . Subsequently, heat and pressure were applied from above the 
chip under conditions of 1 80 DEG C, 50 g/bump and 20 seconds to effect main bonding. 

[0166] Connection resistance after the main bonding was 10 m OMEGA at maximum per bump and 2 
m OMEGA on the average, and insulation resistance was 10 OMEGA or above. However, these 
values changed during a high-temperature thermal shock test in a 30-cycle thermal shock test made 
at -55 to 125 DEG C, so that the electrical conduction became poor. 



POSSIBILITY OF INDUSTRIAL APPLICATION 




[01^7] As described above, the present invention enables production of circuit boards that may cause 
neither increase in connection resistance at bonded portions nor separation at adhesive layers and 
have greatly improved in connection reliability. 
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1..An adhesive for bonding circuit members which Is to be put between circuit electrodes facing each 
other; said circuit electrodes facing each other being pressed interposing the adhesive between them, 
to interconnect the electrodes electrically in the direction of pressing; 

said adhesive comprising . an adheslve^esin composition and an Inorganic filler; , ^ , 

said inorganic filler being'contained in an amount of from 1 0 to 200 parts by weight based on 1 00 * 

parts by weight of the adhesive resin composition. " " i t ^ ^ 




2. An adhesive for bonding circuit members which is to be put between circuit electrodes facing each 
other; said circuit electrodes facing each other being pressed interposing the adhesive between them, 
to interconnect the electrodes electrically in the direction, of pressing; 



said adhesive being In multi-layer constitution having; 
a first adhesive layer comprising an adhesive resin composition and an inorganic filler and containing 
the inorganic filler in an amount of from 10 to 200 parts by weight based on 100 parts by weight of 
the adhesive resin composition; and , , , . . . • 
a second adhesive layer containing an adhesive resin composition as a^nriain ingredient. 



3. An adhesive for bonding circuit members which is to be put between circuit electrodes facing each 
other; said circuit electrodes facing each other being pressed interposing the adhesive between them, 
to interconnect the electrodes electrically in the direction of pressing; 

said adhesive being in multi-layer constitution having; 

a first adhesive layer comprising an adhesive resin composition and an inorganic filler and containing 
the inorganic filler in an amount of from 1 0 to 200 parts by weight based on 1 00 parts by weight of 
the adhesive resin composition; and 

a second adhesive layer containing an adhesive resin composition and having a modulus of elasticity 
of from 100 to 2,000 MPa at 40 DEG C after curing. 



4. An adhesive for bonding circuit members which is to be put between circuit electrodes facing each 
other; said circuit electrodes facing each other being pressed Interposing the adhesive between them, 
to interconnect the electrodes electrically in the direction of pressing; 

said adhesive comprising an adhesive resin composition and an inorganic filler, 

said adhesive having an average coefficient of thermal expansion of 200 ppm/ DEG C or below at 

1 10 to 130 DEG C after curing. 



} ■ ■ ■ 




5. The adhesive for bonding circuit members according to claim 4, which has an average coefficient 
of thermal expansion of from 30 to 200 ppm/ DEG C at 110 to 130 DEG C after curing of the 
adhesive. 

6. An adhesive for bonding circuit members which is to be put between circuit electrodes facing each 
other; said circuit electrodes facing each other being pressed interposing the adhesive between them, 
to interconnect the electrodes electrically in the direction of pressing; 

said adhesive being in multi-layer constitution having a third adhesive layer and a fourth adhesive 
layer which have physical properties different in value from each other. * 

7. The adhesive for bonding circuit members according to claim 6, wherein said first adhesive layer 
hais a modulus of elasticity after curing which Is higher than the modulus of elasticity after curing of 
said second adhesive layer. 

8. The adhesive for bonding circuit members according to claim 7, wherein said fourth adhesive layer 
has a modulus of elasticity of from 100 to 2,000 MPa at 40 DEG C after curing. 

9. The adhesive for bonding circuit members according to claim 6, wherein said third adhesive layer 
/rlflimc?! rT=Pn^rY=Pn^nR=FPn/e^PNP=FPl 17044Q*PN=F.Pn20449&FTDB=/S)KTT2003/2/21 




10; The adhesive for bonding islrcuit members according to claim 9, whereln sald third adhesive layer^ 
has a coefficient of thermal expansion at 30 to 100 DEG C, of from 20 to 70 ppm/ DEG C. 

11. The adhesive Vr bonding ciVcult'mecnbens according to claim 6, wherein sald.third adhesive layer 
has a glass transition temperature which Is higher than the glass transition temperature of the fourth 
adhesive layer. * ' 



12. The adhesive J 
layer has a glass i 



i transition* temperature of 120 DEG. Cibribbve;- C'^---:- ir'r«:'JO ... .>-...R^.-.r,. ->t.v 

13. The adhesive for bonding circuit members according to any one of claims 7, 9 or 11, wherein at 
least one layer of said third and fourth adhesive layers contains; 

the adhesive resin composition; and 

the inorganic filler in an amount of from 10 to 200 parts by weight based on 100 parts by weight of 
the adhesive resin composition. ^ 

14. The adhesive for bonding circuit members according to any one of claims 1, 2, 3, 4 or 13, 
wherein said Inorganic filler ,has an average particle diameter of 3 mu m or snialler. 

15. The adhesive for bonding circuit members according to any one of claims 1 to 14, comprising 
conductive particles in an amount of from 0.1 to 30 parts by volume based on 100 parts by volume of 
the adhesive resin composition. 

16. The adhesive for bonding circuit members according to, any one of claims 1, 2, 3, 4, 13 or 14, 
comprising conductive particles having a larger average particle diameter than the average particle 
diameter of said inorganic filler, in an amount of from 0.1 to 30 parts by volume based on 100 parts 
by volume of the adhesive resin composition. 

17. The adhesive for bonding circuit members according to any one of claims 1 to 16, which has a 
modulus of elasticity of from 30 to 2,000 MPa at 40 DEG C after the curing of the adhesive resin 
composition. 

18. The film adhesive for bonding circuits according to any one of claims 1 to 17, wherein said 
adhesive resin composition contains an epoxy resin and a latent curing agent. 

19. The adhesive for bonding circuit members according to any one of claims 1 to 18, wherein said 
adhesive resin composition contains an epoxy resin, an acrylic rubber and a latent curing agent. 

20. The adhesive for bonding circuit members according to claim 19, wherein said acrylic rubber 
contains a glycidyl ether group in the molecule. 

21. The adhesive for bonding circuit members according to any one of claims 1 to 20, which has the 
form of a film. 



22. A circuit boanj comprising; 

a first circuit member having a first connecting temninal; and 
a second circuit member having a second connecting terminal; 

said first connecting terminal and the second connecting terminal being disposed facing each other, 
and 

an adhesive being put between the first connecting terminal and the second connecting tenninal 
which are disposed facing each other; and 

said first connecting temninal and the second connecting tenninal disposed facing each other being 
electrically interconnected by pressing; * * 

said adhesive being the adhesive for bonding circuit members according to any one of claims 1 to 
21, 



23. The circuit board according to claim 22, wherein; 



Scuffient Clainis 




said adhesive is the adhesive for bonding circuit menabers according to claim 2 or;^; and ^ , 
at least>ny of said first adhesive layer stands^adb^ffidfOQ^^ side of said irtrit circuit' rnemberr 




24. The circuit board according to claim 22. wherein; 

said first circuit member is an inorganic insulating substrate; 
said second circuit member is an organic insulating substrate; 

said adhesive is the adhesive for bonding circuit members according to any one of claims 7 to 13; 

and"^''*^^-^^^^-^^.^^ 

at least any of said third adhesive layer stands adhered on the'side of said first circuit member. 

25. The circuit board according to claim 23 or 24, wherein; 
said first circuit member is a semiconductor chip. 

26. A process for producing a circuit board, comprising the steps of; 

disposing a first circuit member comprised of an inorganic'ihsulating substrate, having a first 
connecting terminal, and a second circuit member comprised of an organic insulating substrate, 
having a second connecting terminal, in such a way that the first connecting terminal and the second 
connecting terminal face each other; 

said circuit members being so disposed that the adhesive for bonding circuit members according to 
claim 2 or 3 is put between said first connecting terminal and said second connecting terminal which 
have been disposed facing each other, in such a way that said first adhesive layer is on the side of 
said first circuit member; and 

pressing the resultant circuit members to electrically interconnect said first connecting terminal and 
said second connecting terminal disposed facing each other. 



27. A process for producing a circuit board, comprising the steps of; 

disposing a first circuit member comprised of an inorganic insulating substrate, having a first 
connecting terminal, and a second circuit member comprised of an organic insulating substrate, 
having a second connecting terminal, in such a way that the first connecting terminal and the second 
connecting terminal face each other; 

said circuit members being so disposed that the adhesive for 'bonding circuit members according to 
any one of claims 7 to 13 is put between said first connecting terminal and said second connecting 
terminal which have been disposed facing each other, in such a way that said third adhesive layer is 
on the side of said first circuit member; and 

pressing the resultant circuit members to electrically interconnect said first connecting terminal and 
said second connecting terminal disposed facing each other. 



Data supplied from the esp@cenet database - 12 




/claims'?! rT=en AC Y==eT7&DB=EPD&PN?=EP n 20449&PN=EP 1 120449&FTDB=rS).RT 2003/2/21 



